SUMMARY Twenty male veteran endurance runners and 20 controls underwent resting, exercise, and ambulatory electrocardiography. Four athletes and three controls satisfied voltage criteria for left ventricular hypertrophy. The PR interval was longer in the athletes and they had longer mean (SD) treadmill exercise times (19 (4) v 16 (2) min) than the controls. Four athletes but no controls had > 2 mm downsloping ST segment depression during exercise. During 48 hour ambulatory electrocardiography the athletes had a consistently lower heart rate but maintained a circadian variation. Profound bradycardia (< 35 beats/min) occurred in eight athletes but only one control. Eight athletes and two controls had asystolic pauses ranging from 1-8 to 15 seconds. Six athletes had first degree heart block, four had Mobitz II second degree block, and three had complete heart block. Most conduction abnormalities occurred at night and resolved during exercise. Ventricular ectopic activity was not significantly different between the groups.
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Thus heart block patterns and profound bradycardia are more frequent in older athletes than their youthful counterparts.
Physicians have recommended habitual long term exercise to all age groups including those with ischaemic heart disease'2 because of the improvement in general wellbeing,3 the plasma lipoprotein profile,45 and the reduced risk of developing coronary artery disease.67 Although many individuals undertake virtually lifelong endurance exercise, little is known of the long term cardiac effects.
Studies of both resting89 and continuous ambulatory electrocardiography""'6 have been reported in young athletes. These have shown that bradycardia and heart block patterns are more common in endurance athletes, but with the exception of After careful skin preparation with an abrasive paste, and shaving if necessary, five electrodes (Medicotest) were applied to the chest wall to produce a recording of lead CM5 and a modified lead II. An impedance meter was then used to ensure that the resistance between each electrode was < 5 kQl and surgical tape was used to secure the leads to the chest wall with stress loops to reduce motion artefact. The recorder was worn at the patient's side on a belt. A 1 mV test signal was then recorded and this was used by the system to calibrate analysed data.
Holter monitoring was continued for 48 hours. For the first 24 hours the patient was instructed to follow his normal daily routine without running or vigorous exercise and to record any symptoms or events in a diary. During the second 24 hours the athletes were asked to run for 40 minutes at their normal training pace. Before they left the laboratory the electrocardiographic waveform and magnitude being recorded were confirmed on a conventional writer to ensure a satisfactory recording. At the end of each recording the cassette was transferred to the Medilog MARS replay system which generates a comprehensive report via a microdot printer. A full 24 All data given are mean (SD).
s). Mean nocturnal heart rate was derived from the mean of the hourly rates between midnight and 6 am when the men were in bed. Maximum and minimum heart rates were recorded from the average RR interval over four complexes. An asystolic pause was defined as asystole lasting > 1 5 seconds and 1 9 times longer than the average RR interval of the four previous complexes. permanent dual chamber pacemaker (Pacesetter AFP 283). Interestingly, although the patient did not report any symptoms before implantation, he remarked that he felt more energetic afterwards and was able to reduce his time for a 10 mile run by several minutes. Six athletes had a prolonged PR interval (>0-22 s), four had second degree atrioventricular block, and three had complete or third degree heart block. Apart from the two men who had four episodes of asystole between them, no conduction abnormalities were found in the control group.
Most asystolic pauses occurred at night ( fig 5) . Two of the athletes with complete heart block also had an abnormal electrocardiographic response to 
We compared athletes with a group ofhealthy control subjects who participated in light physical activity. All the athletes trained exclusively by distance running and did not use weight training or resistance exercise; thus any confusion with the effects of anaerobic or power exercise (including isometric exercise) was avoided. The controls were chosen from a group of volunteers. Clearly, habitual long distance runners -are very difficult to match with a control population. They tend to be very lean, from high educational and socioeconomic groups, and are conscious of their diet and health. The control group in this study was not an inactive slothful cohort of middle aged men and this is reflected in the mean treadmill exercise time of 16 minutes. So we believe that our control group was as closely matched as possible.
Athlete's bradycardia is a well documented phenomenon and has been investigated in young athletes by several groups.""'5 Like us, Viitsalo et al found that despite the bradycardia, circadian variation of heart rate was maintained. 4 The cause ofbradycardia in athletic subjects is uncertain. Most evidence suggests that the sinoatrial node and atrioventricular nodes are suppressed by an increase in vagal tone, which can be abolished by atropine or stopping training.82' However, increased vagal tone may only be partly responsible because studies of surgical denervation and pharmacological denervation (atropine plus propranolol) have shown the bradycardia to be independent ofvagal tone.22 23 Thus the intrinsic heart rate is lower.
Although the bradycardia seen in athletes is currently recognised as a benign adaptation, it has been associated with unexplained cerebrovascular accidents20 and becomes more sportsmen who presented with syncope." Half of them became symptom free on stopping training, although another seven required implantation of a permanent pacemaker. Thus stopping training does not always resolve the problem. Although first degree and, to a lesser extent, second degree atrioventricular block has been found in younger athletes'0121415 complete heart block in a symptom free normal or athletic population is exceedingly rare. In athletes the frequency of first degree heart block varies from 5% to 55%8 121415 but is typically around 20%. Second degree atrioventricular block (Mobitz type II and Wenckebach) is less common and is found in 13-22% of athletes.'2 14'6 Thus the frequency of first and second degree atrioventricular block (Mobitz type II) found in this study is similar to that in younger athletes but none of the earlier studies reported complete heart block, which occurred in three of our athletes.""'5 The occurrence of block patterns in athletes is probably related to increased vagal tone, because resolution can occur during exercise. However, in some veteran athletes it may coexist with the sick sinus syndrome and thus lead to profound bradycardia and symptoms. The resting electrocardiograms of the athletes in this study were unhelpful in identifying all those with atrioventricular block, although complete heart block was found in two men.
In contrast with other sports, which exert a predominantly pressure overload on the left ventricle, running induces volume overload. Thus only four of 20 athletes (20%) (S1 + R5 mean = 28 mm) satisfied voltage criteria for left ventricular hypertrophy compared with 101 (35%) of 289 professional American Football players trained on power and resistance exercise9 (S1 + R5 mean = 37 mm). Although the QTc derivative may be prolonged in some athletes2425 we did not find any difference between our runners and controls.
Four athletes in this study had an exercise electrocardiogram that satisfied the criteria for ischaemia (greater than 1 mm downward sloping ST segment depression occurring 0-08 seconds after the J point)-two of them had entirely normal coronary arteriograms. This is more than would be expected in a normal symptom free population. Balady 
